Abstract Globally distributed information systems development has become a key strategy for large sections of the software industry. This involves outsourcing projects to third parties or offshoring development to divisions in remote locations. A popular approach when implementing these strategies is the establishment of virtual teams. The justification for embarking on this approach is to endeavor to leverage the potential benefits of labor arbitrage available between geographical locations. When implementing such a strategy organizations must recognize that virtual teams operate differently to collocated teams, therefore, they must be managed differently. These differences arise due to the complex and collaborative nature of information systems development and the impact distance introduces. Geographical, temporal, cultural, and linguistic distance all negatively impact on coordination, cooperation, communication, and visibility in the virtual team setting. In these circumstances, it needs to be recognized that the project management of a virtual team must be carried out in a different manner to that of a collocated team. Results from this research highlight six specific project management areas, which need to be addressed to facilitate successful virtual team operation. They are: Organizational Virtual Team Strategy, Risk Management, Infrastructure, Implementation of a Virtual Team Process, Team Structure and Organization, and Conflict Management.
Introduction
In recent years, the software industry has been impacted by globalization and this trend continues today [1, 2] . The advent of the Internet, e-mail, and low cost international telecommunications has facilitated the development of virtual teams, virtual work groups, and virtual companies [3] . These changes have been coupled with the availability in large numbers of qualified software engineers located in low cost economies, who are capable and willing to undertake outsourced and offshored software development [4] . The sustained popularity for the adoption and implementation of this strategy is attributed to organizations endeavoring to gain and maintain competitive advantage [5, 6] . The economic imperatives driving the globalization of software development are often based on capitalizing the perceived advantage of labor arbitrage between geographical locations [7] . The logic underpinning this type of strategy is that labor cost savings and temporal difference between remote locations provide opportunities for reduced time to market and facilitate competitive pricing. Increasingly, organizations are endeavoring to leverage these opportunities to enable them to establish, maintain, or extend their market share, in what are increasingly volatile international markets [8] [9] [10] .
This has resulted in information systems development becoming a globally sourced commodity [11] , which has led to the migration of software development and maintenance operations to geographically distributed locations. In some cases, application development and maintenance have been completely outsourced to remote third party organizations. In other circumstances, organizations have set up subsidiaries in low cost economies. During the 90s, the trend was for software companies to outsource software development to third parties or subsidiaries based in Ireland, Israel, and India [12] . In recent years, the focus has shifted away from Ireland and Israel to Eastern Europe, Latin America, and the Far East, where China and India are the most popular locations [13] . The number of organizations globalizing their information systems development continues to increase [8] . This means that globally distributed software development is set to continue to have a significant impact on the way the software industry operates for the foreseeable future.
Due to the level of complexity involved in information systems development, outsourcing or offshoring have both proved that they are not straightforward tasks [14] . Some of the difficulties encountered include such factors as the problem of understanding requirements, testing of systems, and the coordination of these types of projects [4] . These difficulties are compounded by cultural and linguistic differences, lack of communication, and geographical and temporal distance. These are further compounded by limited visibility, lack of cooperation, different process maturity levels, tools, standards, and different levels of experience. As a result, the management of globally distributed information systems development projects is now recognized as a difficult and complex endeavor [15] [16] [17] .
Many software organizations are opting to implement a policy of establishing virtual teams when undertaking an outsourcing or offshoring strategy. Therefore, it is important to formally define what is meant by the term virtual team. The virtual team has been described as the core building block of the virtual organization [18] . A traditional team has been described as a social group of individuals who are collocated and interdependent in their tasks. They undertake and coordinate their activities to achieve common goals and share responsibility for outcomes [19] . Virtual teams have the same goals and objectives as collocated teams, but operate across time, geographical locations, and often organizational boundaries linked by communication technologies [20] .
A virtual team has been formally defined as a team whose members use the Internet, intranets, extranets, and other networks to communicate, coordinate, and collaborate with each other on tasks and projects even though they may work in different geographical locations [3] . It is specifically categorized as differing from the traditional collocated team in that its members are distributed across geographical sites, but remain interdependent in their tasks [20] . Virtual teams normally operate in a multicultural and multilingual environment, which often cross divisional or organizational boundaries [21] . This necessitates the requirement for the implementation of a project management strategy which recognizes and addresses the fact that globally distributed virtual team based information systems development is complex and differs in a number of key ways from collocated development [22] .
The results presented in this paper are the culmination of 11 years of research in the areas of Global Software Development (GSD) and virtual team operation. The specific findings are the outcome of the largest of three independent GSD studies undertaken by the author. Some of the findings from this study have been incorporated with those from the other two studies and have been the subject of peer review and publication. Where this has taken place, the relevant findings are referenced. This is the first time this study has been published in journal form and it focuses on six specific project management areas which this research has identified. It also provides comprehensive insight, which has not been previously presented.
The goal of this study was to identify the key factors and variables which were directly relevant to the effective operation and management of virtual software teams. An additional factor to consider was that those offshoring the work had considerable experience of having projects offshored to them. An important element in the identification and selection of research questions for this study were that they should be broad to facilitate discovery, while remaining centered on the research goals. The research questions can therefore be summarized as follows:
• What were the key factors and variables which needed to be considered and addressed to develop and facilitate effective virtual team operation? • Did the extensive experience gained by team members and managers who had previously been offshored to, provide any insight or understanding to facilitate the offshoring of their work and the effective operation of the virtual teams?
This paper is structured in the following way: Section 2 places this work in context by considering software project management in general and in the globally distributed virtual team setting. Section 3 introduces the research project and case study. The research methodology is discussed and the strategies employed for data gathering and analysis are detailed. Section 4 presents the relevant findings from the study and the six specific project management areas are outlined in detailed. Section 5 provides the conclusions and a discussion on the limitations of the study. It also contains a further work section which outlines how the findings from this study are being utilized.
Software project management
The management of traditional collocated software projects has been described in the following terms: "Software project management today is an art. [23] . In this context, the role of the software project manager can be compared to that of a juggler [24] . There is the need to be an arbitrator between diverse stakeholders with different expectations and agendas. There is the requirement to manage the project effectively within the constraints of available resources, both financial and technological. This has to be achieved utilizing the personnel, technical capabilities, resources, and time available. The responsibility of the software project manager is to determine objectives. It is also to define, create, evaluate, and select alternatives to achieve those objectives and to control their implementation [25] . This is accomplished through effectively planning, organizing, staffing, leading, controlling, and coordinating the project. The project manager is required to have the ability to arbitrate, appease, admonish, praise, inspire, and motivate those who they manage and come in contact with [26, 27] . This role also requires effective people management, business management, risk management, and expectation management [28].
Project management of globally distributed virtual team projects
When operating in a globally distributed environment, effective project management is a more difficult and complex task to undertake than with collocated projects [9, 29, 30] . To successfully implement a virtual team strategy, all the factors that impact on the operation of collocated software projects come into play and need to be addressed by an effective project management strategy. In addition to the requirements for the organization and management of collocated teams and projects, there are numerous factors which emanate directly from and impact on the operation of geographically distributed virtual teams and their related projects [31] . In these circumstances, it is clear that the management of globally distributed virtual teams and globally distributed information systems development projects require that the role and responsibilities of the project manager be extended. The manager needs to take responsibility for not only the normal collocated project management activities. They also need to recognize and take measures to address and leverage all the factors and issues which arise directly from operating in a geographically distributed and virtual team environment. A key issue which needs to be understood and addressed is that project management must change from the traditional to the virtual for this strategy to be successfully implemented.
The impact of a distributed environment on the project management of virtual software teams is considerable. The essence of effective management is coordination and control [28] . Distance by its very nature introduces barriers and complexity into the management of globally distributed virtual teams and impacts on both control and coordination through its effect on communication [32] [33] [34] . Coordination, Control, and Communication are sometimes referred to as the 3 Cs of GSD [35] . In this context, for effective management and control to take place, four key variables need to be considered [22, 36] ; these are communication [33] , cooperation [37] , coordination [30] , and visibility [9] . These variables are influenced by language, culture, and process [38] .
This can be directly ascribed to the fact that there are four key elements to distance in this context. Geographical distance introduces physical separation between team members and hinders visibility [5] . Temporal distance hinders and limits opportunities for direct contact [39] . Linguistic distance limits the ability for coherent communication to take place [40, 41] . Cultural distance negatively impacts on the level of understanding and appreciation of the activities and efforts of remote colleagues [42] . As a result of distance, communication between virtual team members is normally electronic, with limited opportunities for synchronous contact, depending on geographical location and time zone difference. Communication, cooperation, coordination, and visibility, are all negatively impacted by geographical, temporal, linguistic, and cultural distance [43] ; see Fig. 1 .
If these elements of distance and their potential for negative impact are not recognized and managed correctly, they can be responsible for creating serious barriers and complexity within virtual team based projects. In this context, it is important to remember software development is not only a technical activity. It also has social, collaborative, and knowledge sharing aspects which are key to its success [44] .
As with traditional teams, coordination includes realistic project planning and risk evaluation [15] . However, for the virtual team, work must be partitioned between sites where team members have been selected and trained based on the technical needs of the project and their ability and experience [30] . Furthermore, there is a requirement for the effective utilization of technology between teams and locations. Procedures need to be put in place to facilitate and monitor the level of cooperation between team members in all locations [9] . These should allow for the identification and addressing of problems when and where they arise [40] .
To increase visibility within the virtual team, the project manager must ensure that roles and responsibilities are clearly articulated [45] , with each team member knowing what is required for a work product and also when each work product and artifact is due. There is a need for continuous visibility into the team's activities and operation at all locations [42] . This necessitates that effective reporting Fig. 1 The impact of distance on virtual team operation [40] schedules and structures are put in place with the objective of keeping management and team members informed [22] .
The project manager must ensure that communication difficulties do not become a barrier to effective virtual team operation [46] . This requires having a common vocabulary for all aspects of the project and the use of effective communication tools which are understood and utilized by all team members. When teams are distributed, communication protocols-language, cultural, and temporal differencesbetween team members need to be clarified and understood. Effective policies and procedures to facilitate communication between sites need to be put in place [36] . These should include the evaluation of the linguistic competence of team members. Training in methods of effective communication should be provided and where required English classes made available [43] .
Cooperation within virtual teams, as with collocated teams, is important to the overall success of a project [30] . In the virtual team, there is little opportunity for one-to-one contact, giving individuals a very limited chance to get to know each other at a social level [11] . Project managers need to consider how team relationships can be developed and fostered, particularly where there may be fear of losing jobs to colleagues in low-cost locations [47] . The negative consequences of this type of fear should not be underestimated as it can seriously hamper the operation of virtual teams [48, 49] . The impact of cultural diversity on the operation of virtual team projects also needs to be determined, monitored, and addressed through effective training [50, 51] . In addition, project managers need to ensure that team members in all locations know who the relevant 'experts' are that can be approached when difficulties are experienced with different tasks [22] .
Therefore, when dealing with virtual teams, the role of a project manager is no longer simply to manage, monitor, and coordinate team activities and artifacts, as it is when operating in a collocated environment. To be effective, their management strategy must also address the specific requirements of the globally distributed nature of virtual team operation. These include monitoring and controlling the additional variables both social and technical caused by operating in a virtual team environment.
The inherent difficulty of effectively managing virtual software teams has been recognized. Erran Carmel [30] paraphrased a software manager when he stated, "No one in their right mind would do this". While that may indeed be true, the reality is, virtual software teams have to be managed and managed effectively. As previously stated, the primary goal of this research was to identify the key factors and variables which were directly relevant to the effective operation and management of virtual teams. The objective of doing this was to increase the level of knowledge of this area and help reduced the difficultly of successfully managing these types of teams and projects.
Research project
This study took place in Ireland, which has developed over the last 25 years from a country with a relatively small software industry [52] , to what was described in 2003 as one of the big three locations for global software development [53] . Due to the sustained economic success which Ireland enjoyed and its associated increase in costs, it is no longer considered a location for low cost software development. In recent years, the focus of the Irish software industry has shifted to research and development and more technical and high-end value related activities. This has resulted in software development being outsourced or offshored from both indigenous Irish companies and multinational organizations based in Ireland, to more cost effective development locations.
Case study: Computing U.S.
This case study was undertaken over a three year period in the Irish-based division of a US multi-national organization Computing US (a pseudonym). The parent organization embarked on a global manufacturing strategy in the 1960s and had been operating in Ireland for over 20 years when this research commenced. A large percentage of the work undertaken was carried out in cooperation with their US parent. The success achieved was attributed to the development of a common corporate culture between both locations and the nearshore cultural and linguistic status ascribed to Ireland [11] , which the organization leveraged. Over most of that period, the Irish division had been the recipient of many offshored projects, while it did on occasion outsource and offshore some small aspects of its operation to other organizations and divisions worldwide.
Two years prior to the commencement of this study, corporate strategy changed. The company established virtual software development teams between their Irish and Malaysian divisions. The objective of implementing this strategy was to leverage the technical ability and experience of the Irish staff with the competitive salary levels of their Malaysian based colleagues. The Malaysians were part of a CMMI Level 5 division and Ireland was CMMI Level 3. The Irish staff had a minimum of 4 years domain specific experience, most of which had been gained with the company. This level of experience and domain specific knowledge was not available in the Malaysian division.
When this research was undertaken, four virtual software development teams were operating within the Irish-based division of Computing US. Some had been established for over a year and a half, while others were only operating for a period of 6-8 months. Embarking on this virtual team strategy had proved a difficult task and a number of complex issues and problems had arisen prior to the commencement of this investigation.
Research methodology
A number of research methodologies were considered prior to the selection of the strategy which was ultimately implemented for this study. A key factor in the selection process was to leverage the level of support and access offered by Computing US. This included the possibility of undertaking an extended period of onsite research. The objective was therefore to maximize the opportunity which this level of access provided. Having considered the requirements of the research project in detail, it was determined that a qualitative structured but inductive approach was required. The difficulty of implementing what appeared to be contradictory approaches was appreciated. To address this issue, a review of possible research methods was undertaken. The outcome of this resulted in the selection of a Yin [54] based embedded case study which incorporated a Strauss and Corbin grounded theory [55] approach to data gathering and analysis. This case study focused on two embedded units of analysis. One was a virtual team with members located in Ireland and Malaysia which had been in operation for a period of 18 months. The second was a virtual team with a similar makeup, but had been established for just over 6 months, when the study commenced.
A Yin based case study does not normally align itself with an implementation of a sophisticated grounded theory based strategy. To successfully undertake this research, both approaches had to be considered in detail to see if they could be jointly implemented. A particular concern was the importance which Yin [54] places on the formulation of theories prior to undertaking research, which he terms propositions. Given the inductive and exploratory nature of the grounded theory approach which was required for this investigation it was clear, propositions were not applicable. It emerged having reviewed Yin's approach in detail he recognizes that when undertaking exploratory case study research, there can be a legitimate reason for not having propositions.
All empirical studies have an implicit or explicit research design. Yin (1994) defines research design as "an action plan for getting from here to there". The term here is defined as the initial research questions and there as the conclusions reached. Central to the design of an efficient research plan was the need to put structures in place to ensure that the research remained focused on its fundamental goals and objectives. The focus of this research was that it should be carried out in an ideographic manner, which embarked on a journey of discovery that remained bounded in its relevant context while not being constrained by it.
This study provided the opportunity for undertaking extensive onsite participant observational research, which included document review, direct observation, interviews, focus groups, and questionnaire completion. This necessitated the author spending a period of 5 months on site, on a full time basis. This aspect of the investigation facilitated the close observation of the staff and management and the daily operation of the organization, while remaining a nonparticipant in their day-to-day activities. It also facilitated the development of a level of trust between the author and the staff and management of the organization, which was reflected in the candid responses received to questions during interviews, focus group discussions and their willingness to express honest opinions on what could be considered sensitive subjects. The objective of using this approach was to "hear the voice of the respondents" [55] . The author's goal was to provide the people doing the work with the opportunity to tell by their words, actions, and what was produced, 
Data gathering and analysis
The data gathering process incorporated extensive document review and direct observation over an extended period. Numerous in dept interviews were carried out with 17 staff members over the lifetime of the study. These interviewed included the senior manager with responsibility for implementing the offshoring strategy, the senior staff engineer responsible for quality and two section managers who both managed virtual team projects. Two team coordinators, two trainers as well as senior and junior team members were also interviewed. Focus groups where held with both teams and questionnaire were completed. The data gathering process incorporated document review, direct observation, interviews, focus groups and questionnaire completion. This was carried out in accordance with sophisticated grounded theory principles. As the data was generated, it was analyzed, which incorporated memo writing, microanalysis, and open and axial coding. These were systematic and rigorous activities which resulted in the identification of 128 initial concepts, which with further refinement were incorporated into 49 [43] . As a result of further analysis, six specific project management areas were identified which will be discussed in detail in the next section. An overview of the data gathering and analysis process is presented in Fig. 2 .
The results generated from this investigation needed to be interpreted, verified, and placed in context. To achieve this objective, the results which emerged from the analysis of the data were triangulated with the existing research and literature in the areas of virtual team operation, Global Software Development (GSD), Software Process Improvement (SPI), project management practice and relevant aspects of organizational theory. They were also presented, discussed, and verified with the relevant management and staff of Computing US to ensure they were an accurate reflection of what had taken place.
Virtual team project management
When establishing and operating their virtual teams, the Irish-based division of Computing US implemented an unmodified collocated project management strategy. This approach proved less then optimal and after a short period of time serious problems arose. This was an unanticipated outcome as in their previous limited outsourcing endeavors the organization's project management strategy replicated their collocated approach and was considered adequate. The differences between the operation of virtual teams and basic outsourcing/offshoring were not understood by the management of the Irish division. There was a clear requirement for management to understand and handle the level of complexity involved in offshoring or outsourcing software development [56, 57] . This is of particular importance when operating in a virtual team environment. As a result, there were specific issues which needed to be considered and addressed.
Prior to implementing the virtual team strategy, the management of the Irish-based division had only been responsible for outsourcing and offshoring projects where effective partitioning of work had taken place [42] . This ensured there was a limited requirement for communication and coordination between sites. This had been facilitated by the nature of the work which was self-contained, straightforward, and required only basic technical skills to be correctly executed. As a result, limited external supervision and minimum interaction between staff at both locations was required. Where only straightforward outsourcing had been undertaken, a collocated project management strategy had proved successful. As one manager stated: "When we outsourced before we only sent over basic 'grunt' work that required very little collaboration on our part."
In light of the problems which were experienced operating the virtual teams it was clear the collocated project management strategy had to be reassessed. When asked what was needed to improve the situation, a project manager stated: "I would have a good process, which was well defined and followed with clear roles and well coordinated". The implications from this response were clear, these key elements were not in place and these issues needed to be addressed. As with all well run projects, there was the requirement to plan, monitor and control costs, time, and quality. However, in addition, there was also the need to plan, implement, and monitor communication and coordination related activities with effective policies and procedures.
The impact of cultural diversity on the operation of the projects needed to be determined and addressed. A coherent team had to be developed from a culturally diverse and geographically dispersed group who were required to work as a single unit to achieve specific goals [58] . There was a need for effective procedures to be put in place to facilitate and monitor the level of cooperation between team members in both locations. Procedures were required to be developed to identify and address these problems when they arose. There was a clear need for the development of trust between remote team members [59, 60] . There was also a requirement for measures to address the palpable fear felt by many of the Irish-based virtual team members of losing their jobs to Malaysia. This was a serious ongoing problem which time did not decrease which needed to be acknowledged by management and specific measures taken to address it. This outcome is mentioned here in summary form and has been discussed at length in [47, 48] . This has been corroborated by the outcome of an independent study undertaken in Finland where similar findings were identified [49] .
There was a requirement for policies and procedures to be drawn up for the establishment and operation of virtual teams, which facilitated visibility into the activities and output of the respective team members at both locations. There was the need for the clear and unambiguous articulation of roles and responsibilities for all team members. A clearly defined common vocabulary for key milestones, procedures, and processes needed to be produced and put in place which was clearly understood by team members at both locations [61] . To be effective, a successful virtual software team project management strategy needs to address monitor and control all these additional variables and areas.
Given the importance that project management plays, this paper focuses on the management areas which the research identified as having a specific relevance to virtual software team operation. This was based on the detailed analysis of the twenty four key factors which emerged from the study with reference to the data and literature; see Fig. 2 . In this context, the six most important project management related areas which were identified are presented here. Each area is illustrated with at least one example from the specific circumstances researched.
Organizational virtual team strategy
A key element for the success of any long-term organizational strategy is the level of sustained support provided by senior management, for its implementation, and operation [62] . To achieve effective support, it is essential that the success of such a strategy is directly linked to the attainment of organizational goals and objectives. With regard to the securing of the required support for a geographically distributed virtual team strategy, it is important that the implementation of such an approach will in fact allow the achievement of these organizational goals and objectives. The reason why and how this will be accomplished should be realistically defined and clearly articulated to senior management to gain and sustain their support [63] . It also needs to be recognized that in a number of situations, globally distributed software development has failed [64] or produced disappointing results [65] .
The potential for cost saving is often cited as a key factor for organizations embarking on such a strategy [17, 53, 66] . In the case researched, a respondent who had access to such information stated, the cost of a Malaysian engineer was half that of an Irish engineer. The reality was that this was not an accurate figure on which to base a comparison. The Irishbased team members had on average four or more years experience within the organization. As a result, they had relevant technical knowledge, domain specific expertise, and experience which their Malaysian colleagues did not possess.
In these circumstances, the Malaysian engineers may have cost half that of their experienced Irish colleagues, but the Irish engineers' technical knowledge and extensive relevant experience, which was reflected in their productivity levels needed to be factored into the equation to provide a realistic comparison. It is equally important to appreciate that the Irish-based staff productivity advantage was time limited. The productivity gap between staff at both locations would decrease as their Malaysian colleagues' technical knowledge and experience increased. The implementation of an effective project management strategy would help to address this issue and speed the closure of this gap.
The wage and infrastructure costs are not the only elements involved in the implementation of a virtual team strategy. Training, travel, productivity, and product quality costs need to be included. As this research also highlighted, there is the effect of additional factors such as fear and lack of motivation that such a strategy can have on the staff at the outsourcing location and the negative impact this can have on their level of cooperation and productivity [36] . There is also the possibility of the loss of key personnel at the outsourcing location as a result of implementing this approach [67] . These factors all need to be considered when calculating the true cost of implementing such a strategy [47] .
It is also very important from the project management perspective that true costs are calculated to ensure that an adequate budget is provided. Of equal importance is that senior management and stakeholders are correctly informed and have realistic expectations so that undue pressure is not placed on the project manager to try to achieve unrealistic results.
Risk management
It is recognized that there is a need for risk to be specifically incorporated into all well planned software projects [68, 69] . This is a particularly relevant issue which needs to be specifically addressed in the virtual team environment. One of the key reasons outlined for the large number of failures of software projects in the nineteen nineties was directly attributed to the fact that managers did not correctly assess and manage risk [70] . Software development projects which are Globally distributed carry additional high-risk exposure [71] . These include the risk of delay or failure due to linguistic, cultural difference, fear, and motivational and temporal distance which all need to be recognized and addressed [5, 72] .
This research highlighted the fact that the political risk of offshoring mission critical activities to remote locations was not considered by the management of Computing US. This emerged from detailed discussions which took place with senior management. They were unaware of the political situation or history of Malaysia and the region in general [73] . While the potential for political, national, or international unrest may be small. It should never be ignored when mission critical activities are involved. In these circumstances, it is therefore important when identifying a location to offshore or outsource to, that political risk is recognized and given due consideration when making such a decision. Even where this has been taken into consideration, contingency plans should be in place to address any potential problems which might arise in this area. This is particularly relevant given the current volatility of international relations.
This study also identified the risk involved in not understanding the culture of remote team members. This was highlighted by the strategy of having the Malaysian staff work long hours because they seemed to be prepared to do them. This was directly due to their cultural reluctance to say no when asked to take on extra work [58] . A large number of Malaysian staff left the organization as a consequence of being over worked. This resulted in the loss of a large number of personnel which the organization had invested time, effort, and money in training. Depending on the stage of the project when their departure took place this dictated the level of damage which such a strategy incurred. Having realized this, the Irish-based management had forbidden such practices within their section. This was not the case with other divisions who were offshoring work to Malaysia and their engineers continued to work long hours which resulted in very high attrition rates and the loss of key personnel. As this research highlighted, this can be a risky, costly, and inefficient strategy [58] .
The virtual team strategy also had a negative impact on many of the Irish-based staff who feared their jobs would be offshored to Malaysia. This increased the risk of losing key personnel from the Irish division. The Irish staff were also seriously demotivated and this impacted on their productivity levels and their willingness to provide knowledge transfer and support to their colleagues in Malaysia [40] .
In addition, communication, cooperation, visibility and coordination problems all negatively impacted on the progress of the respective projects. The risks associated with all these issues should have been considered and addressed. In these circumstances it is clear that a collocated risk strategy which addressed the elements of a normal software development project were not adequate. As this study highlights, risk management requires additional effort and activities to successfully achieve its objectives in a globally distributed virtual team environment [22, 74] .
Infrastructure
Investment in key infrastructure to support a virtual team strategy is essential. This issue needs to be considered at an early stage during the selection of an outsourcing location. The availability of a dependable electrical supply and alternative power sources need to be addressed. Of equal importance is the availability of an adequate telecommunications infrastructure. This includes dependable Internet connection, infrastructure, and bandwidth. It was observed that problems associated with an inadequate remote telecommunication system impacted on routine communication and particularly had a negative impact on training and knowledge transfer.
Once basic and effective infrastructure has been put in place, common tools for the locations involved should be sourced. This ensures the interoperability of cross-site operations and artifacts. An essential element of an effective virtual team operation is the selection and implementation of a configuration management system. The importance of effective configuration management in a globally distributed environment is appreciated [9, 30, 61] . Within Computing US, an effective documented configuration management system was in place for all the relevant documentation and artifacts. However, it was observed that while respondents during this study were familiar with the concept of configuration management, they were not familiar with the term, which was an unexpected outcome.
Provision was made for the supply and use of the same type of development tools at both locations. A relevant issue that arose in this area was that, while some tools are supported by the manufacturers in North America and Europe they may not be covered when they are located elsewhere. This was highlighted when a piece of hardware sent to Malaysia from Ireland developed problems. The relevant project manager discovered that because of its location, it was no longer covered under its normal warranty. As a result, the equipment had to be returned to Ireland to have it repaired. In these circumstances, it is important that when tools are being selected for use in the virtual team environment, that the situation regarding the geographical areas covered by the warranty is clarified. When necessary, additional cover should be secured if available. Where this is not possible, alternative tools should be selected which have or can provide such cover.
Computing US provided a broad range of communication tools such as telephone, e-mail, Instant Messenger, NetMeeting, conference calls, and team Intranet websites. It was noted that the provision of communication tools on its own did not guarantee their use. That said they are essential and with proper motivation, training and management their effective use can be the lifeblood of a successful virtual team strategy [36] .
A communication tool which was not available was video conferencing. A relevant sample of the respondents comments on this subject were as follows:
" 
. . If that was coming through a web cam you could see who is talking."
It is of interest to note that the desire for video conferencing came from some of the respondents themselves. They clearly appreciated the difficulty of operating in an environment without the normal collocated visual contact with their remote colleagues. This was something that management did not understand and when the subject was discussed they expressed the view that video conferencing was not required. Given the advances in video technology over recent years and the specific desire expressed by a number of engineers, this is something which should have been seriously considered. The project manager needs to ensure that the relevant tools and resources are available regardless of location to support all their team members so that they can effectively and efficiently complete their tasks.
Implementation of a virtual team process
Having insured adequate infrastructure is in place, the adoption of a common and effective virtual team process must be considered [30, 36] . While in some globally distributed environments this approach might not be appropriate, for example, where collaboration is temporary and prompt results are urgently required [61] . That said, it is a requirement for the implementation of virtual teams. In Computing US, a virtual team process was not implemented and the collocated process was "exported from here (Ireland)". The justification for this approach was that the Irish collocated process was effective and was tied to the tools and artifacts. However, given the nature of the virtual team environment, there was a specific requirement for the process to be reassessed. "Organizations must reassess existing processes for use in a distributed work environment" [72] . This includes the need for more formal methods of collaboration and communication given the loss of informal communication methods [75] . This research has highlighted some problems associated with these issues which include:
• Projects not having a formal system or mechanism for identifying remote team member's skills, ability, and experience.
• Team members not having a formal procedure or system for identifying subject matter experts.
• Team members not being informed of the status of remote colleagues' progress.
• There was the need for agreement on how the work was to be carried out and the objective should have been the development of an effective shared and agreed modified process to achieve that goal. This should have been based on the specific requirements of the project and both locations.
In the virtual team situation, there is a clear need for a well-defined jointly formulated and documented process to be put in place. In the case study, the collocated process had simply been exported to Malaysia. Furthermore, it had not been modified in any meaningful way to take the virtual team environment into account. When discussing if the remote staff had any input into the process or if negotiations regarding the process had taken place, a project manager stated: "We exported the (Irish) process out to them and there was no negotiation, or need for negotiation."
It was clear that exclusive ownership of the process lay with the Irish team members. This approach did nothing to develop an effective cooperative virtual team environment. Sole ownership of a software development process by team members at a single location in a virtual team setting can lead directly to the alienation of team members at the other location [36] . As a direct result, this can negatively impact on the whole area of virtual team cohesion and the long-term effectiveness of the virtual team strategy.
Good software practice recognizes that process ownership and development are best placed with those who are closest to the process [76] . This clearly was not the situation in this case. In these circumstances, the remote team members could have perceived their input as not being valued or pertinent. As stated previously, the Malaysians were part of a CMMI Level 5 division and Ireland was CMMI Level 3. Regardless, input was not sought from the Malaysian team members as to how the process could be improved. It is also of interest to note that the software process maturity levels of both divisions did nothing to address the specific virtual team related problems which were experienced. This is not surprising given current software process improvement models were not designed to address the specific requirements of operating in a virtual team environment.
To address the issue of process, there was the need for the establishment of common goals, objectives and rewards across both sites. Clearly this had not taken place. A key element in implementing such an approach is the development of dual ownership of the process. The input of staff at both locations should have been sought, encouraged and valued. There was a need for the process to be totally reengineered to incorporate these issues.
The requirement for the definition and implementation of a common vocabulary which included the clear definition of artifacts and deliverables was evident. There was also the need for agreement across sites on the achievement of jointly formulated milestones [77] which had not taken place. A collaborative element which addressed these important issues should have been incorporated into the development of a shared and agreed process, which specifically tackled the needs of the virtual environment in which it operated.
Team structure and organization
The implementation of an effective team and organizational structure is an important factor for the success of a virtual team project management strategy. Establishing an organizational structure is the creation of roles, relationships and rules which can facilitate effective coordination and control. In the software industry, the overall objective of the implementation of a collocated and virtual team structure is to facilitate the successful management, coordination, and operation of the teams to produce the required software artifacts. It is necessary in the virtual team environment that this structure is cognitive of and addresses the additional variables that need to be considered. The importance of documenting this structure and providing access to this information is an important step. The purpose of this exercise is to allow staff at all locations to understand both their and other people's roles and responsibilities within the project.
In Computing US, the options for the geographical distribution and structure of the virtual teams were outlined by two project managers as:
" [30] .
Overall team size can impact directly on the effective operation of a virtual team [78] . Equally the number of virtual team members at specific locations can negatively impact on team relations, cooperation, and knowledge transfer [47, 67] . This was highlighted in this research by the fears expressed by many of the team members in Ireland, at the large number of team members based in Malaysia. This was perceived by them as the precursor to the loss of their jobs to their Malaysian colleagues [48] .
An additional issue to emerge from this research was when a large number of inexperienced team members were located in Malaysia (a remote time zone from Ireland). This resulted in a limited opportunity for synchronous support from their more experienced colleagues. This was particularly relevant when those colleagues were tasked with providing essential training, knowledge transfer, and support.
When this is the case, the size of the remote team can have a negative impact on the efficiency of the operation of the team as a whole. It also places particular pressure on the team members at the outsourcing/offshoring location, who are expected to provide support to a large number of inexperienced remote colleagues. This is particularly relevant, when there is limited opportunity for synchronous communication.
Conflict management
The importance of conflict management for effective software team operation and particularly in a virtual team setting is recognized [17, 34, 79, 80] . When the respondents discussed a procedure or method for conflict resolution with regard to the operation of the virtual teams, a typical reply was:
" This strategy may well have been effective in a collocated situation where staff have the opportunity for regular faceto-face contact and on that basis could work their problems out, but this is not the case with remote members within virtual teams. In this setting, "there must be some mechanism for handling conflict resolution and someone who decides that resolution" [9] .
It is also important to remember that there are different types and levels of conflict. Some are open and easy to recognize. There is also another type of conflict which is not blatant, but is still there festering. This was particularly relevant in the case researched given the uncooperative and on occasions obstructive behavior of some of the Irishbased team members toward their Malaysian colleagues, due to their fears for their jobs [47] . This was compounded by the Malaysians cultural aversion to conflict and their reluctance to express their opinions or even openly disagree with their Irish colleagues [58] . When unreasonable requests or behavior was experienced, their approach was to ignore it, rather than confront it. This had particular relevance to the effectiveness of the informal procedure which was in place, which a project manager went on to outline as follows:
" It has to be stated the project managers were concerned to do their best, but the reality was that the procedure was not adequate. It should also be stated that the project managers had not received any training in the culture of their remote team members so it was a case of learning as they went along. The latter statement that there was no formal mechanism in place summed up the reality of the situation. This along with the other factors and areas outlined, highlighted the requirement for the whole process to be re-evaluated based on the specific needs of operating in a virtual team environment. This needed to be undertaken with the objective of addressing the specific requirements of staff in both locations.
Conclusion
The implementation of a globally distributed information systems development strategy is not a straightforward or an easy task. There are many factors which arise due to geographical, cultural, linguistic and temporal distance which are inherent to its implementation and operation. These all have particular relevance for the successful establishment and operation of virtual teams who by their very nature are exposed to the full impact of these issues. In this context, virtual team project managers have to ensure that they are aware of these factors and their full implications.
Six of the important areas which need to be understood to ensure that virtual software teams can successfully operate in the global environment have been presented. In this context, a key point which has been highlighted is that strategies, processes, and procedures which have been utilized successfully for the management of collocated software development teams, need to be revised and modified to meet the specific requirements of effectively managing a virtual team.
In addition, to implement an effective virtual team project management strategy, management not only need to be cognitive of the additional and complex issues which have been highlighted. It is also required that specific measures are taken to address them. This necessitates a change of emphasis and orientation in the implementation of a project management strategy. It is also recognized that the six areas highlighted here are not the only issues which need to be considered and other issues have been discussed.
On a related point it is of interest to note that even though the management and staff of the Irish division of Computing US had been offshored to for a long period of time they showed no particular insight or understanding when it came to offshoring their work. In fact, they treated their remote colleagues in a similar way as they had been treated. It emerged from this case study that previously the negative impact of such treatment had been minimized in the Irish context due to the cultural and linguistic similarities between those offshoring and receiving the work. In that situation, the Irish-based management and staff were well able to demand the information and support required to complete their projects from their often uncooperative US-based colleagues. This resulted in the negative impact of such treatment being minimized.
It is important to note the role of a project manager in the virtual software team situation is not simply to manage, monitor and coordinate team activities and artifacts as it is in the single site environment. To be effective, a successful project management virtual software team strategy must address the specific requirements of this dynamic environment [63] . The process employed must be amended to take account of the globally distributed nature of virtual software teams.
What are the limitations of this study?
The limitations of this study are recognized, it was carried out over a specific time period of 3 years. This took place in a single organization and within a specific software domain. It also only focused on the operation of virtual teams with members in two countries. Having acknowledged this, it is important to state this research has focused on what can be learned which would be of value to the software industry as a whole. This was done rather than focusing on formulating solutions to meet the specific requirements of Computing US.
The limitations of the generalizing case study research are understood. That said, this study should still be of value to the GSD and virtual software team community. Its findings have been validated by previous and subsequent research and it has provided a solid basis on which a number of additional research projects have been undertaken.
Further work
It is important to state that the responsibility for successful software project management is not the sole domain of one or more individual project managers. It is the responsibility of the management team as a whole, which includes senior management, coordinators as well as the project managers. It requires a concerted effort from all those involved to address and indeed leverage the issues that directly impact on the operation of the virtual team to successfully manage and effectively deliver a virtual team based project. To this end, the results from this study and the other studies undertaken by the author have been utilized to develop a GSD Implementation Model [57] . The objective of the creation and presentation of this model has been to provide a practical and systematic approach to address the key activities, infrastructure and support which are required to facilitate effective management of distributed software development project [63] .
Based on the results from this study the relevance of undertaking broader research in the area of the experience of recipients of offshored or outsourced software projects was recognized. It was therefore considered of value to undertake research which focused on the perspective of the recipients of this work in a broader geographical context. In particular, it was considered pertinent, to focus on the perspective and experience of Indian managers. As a result, research has been undertaken with personnel from two large Indian based software organizations and one small Indian software company [81, 82] . This research is currently ongoing.
As a result of the case study outlined in this paper, it was also recognized that software process improvement maturity levels were very limited in what they provided to deal with the specific issues, which are relevant to GSD projects and virtual team operation. To address this, work has been undertaken to define an additional process area which specifically addresses the requirements of operation in a global software engineering environment with the focus on CMMI [83] . Work is also ongoing with the development of a software process improvement model for the Medical Device Industry, called Medi Spice [84] , which is based on ISO 15504-5. This model will incorporate process areas that are specific to the requirements of operating in a global software engineering environment. These process areas are currently being developed.
